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(57) ABSTRACT

The present mvention relates to a method of manufacturing
a flash memory device. According to the present invention,
a dielectric film 1s formed and an amorphous silicon layer 1s
then formed to mitigate a topology generated by patterning
of a first polysilicon layer in a cell region. The amorphous
silicon layer serves as a protection layer of the dielectric film
in the cell region when a gate oxide film in a peripheral
circuit region 1s formed. Therefore, the present invention can
not only improve the resistance of a word line 1n the cell
region but also improve the film quality of the dielectric film
and the gate oxide film 1n the peripheral circuit region.

9 Claims, 4 Drawing Sheets
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METHOD OF MANUFACTURING FLASH
MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates generally to a method of manufac-
turing a flash memory device, and more particularly to, a
method of manufacturing a flash memory device capable of
improving not only the resistance of a word line but also the
film quality of a dielectric film and a gate oxide film 1n a
peripheral circuit region.

2. Description of the Prior Art

Generally, a flash memory device 1s mainly divided into
a cell region and a peripheral circuit region. The peripheral
circuit region 1s divided into a high voltage transistor region
and a low voltage transistor region.

As the integration level of semiconductor devices
becomes higher, reduction of the device 1s 1nevitably
required as the area occupied by a unit device 1s reduced.
Due to this, there are problems that the resistance 1n the wire
such as a word line 1s increased and the device 1s higher
integrated. In order to improve the performance of the
device even though the device 1s reduced, it 1s required that
the film quality of a dielectric film of an ONO (Oxide-
Nitride-Oxide) structure, an insulating film applied to other
devices, and the like be preferably formed. In particular, in
a cell gate of a stack gate flash EEPROM, it 1s a general
practice that metal-silicide such as tungsten-silicide (WSiy)
has been used 1n order to reduce the resistance of the word
line.

FIG. 1A~FIG. 1D are cross-sectional views of a conven-
fional flash memory device for explaining a method of
manufacturing the device.

Referring now to FIG. 1A, a device 1solation film 12 1s
formed 1in a semiconductor substrate 11 in which the cell
region and the peripheral circuit region (including the high
voltage transistor region and the low voltage transistor
region) are defined. Then, a tunnel oxide film 13 and a first
polysilicon layer 14 are sequentially formed on the entire
surface of the semiconductor substrate 11 in which the
device 1solation film 12 1s formed. Next, the first polysilicon
layer 14 and the tunnel oxide film 13 are removed by an etch
process using a first photoresist pattern (not shown) through
which the device 1solation film 12 in the cell region 1s
exposed and the first photoresist pattern 1s then removed.

In the above, the tunnel oxide film 13 i1s formed 1n
thickness of 80 A+4 A and the first polysilicon layer 14 1s
formed in thickness 600 A+60 A.

Referring now to FIG. 1B, a dielectric film 15 1s formed
on the entire structure including the first patterned polysili-
con layer 14. The dielectric film 15 and the first polysilicon
layer 14 1n the peripheral circuit region are removed by an
etch process using a second photoresist pattern (not shown)
in which the cell region 1s covered. Then, the second
photoresist pattern 1s removed.

In the above, the dielectric film 15 has an ONO structure
in which a lower oxide film 1s deposned in thickness ot 40
A+4 A, a nitride film is deposited 1n thickness of 60 A+6 A
and an upper oxide film 1s deposited 1n thickness of 40 A4
A.

Referring to FIG. 1C, a process of oxidizing a gate 1n the
high voltage transistor, a process of forming a third photo-
resist pattern (not shown) through which the low voltage
transistor region 1s exposed, a wet etch process of removing
oxide, a process of removing the third photoresist pattern
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and process of oxidizing the gate in the low voltage tran-
sistor are sequentially implemented to form gate oxide films
16a and 16b 1n the high voltage transistor region and the low
voltage transistor region, respectively. A second polysilicon
layer 17 1s formed on the entire structure 1n which the gate

oxide films 164 and 165 are formed.

In the above, the high voltage gate oxide film 16a is
formed in thickness of 125 A+6 A and the low voltage gate
oxide film 16b 1s formed 1n thickness of 55 Ax+3 A. The
second polysilicon layer 17 1s formed m thickness ot 700
A+70 A wherein the second polysﬂlcon layer 17 1s formed
by first depositing doped polysilicon 1n thickness of about

600 A and then depositing undoped polysilicon 1n thickness
of about 100 A.

Referring now to FIG. 1D, a metal-silicide layer 18 1s
formed on the second polysilicon layer 17 and a hard mask
layer 19 1s formed on the metal-silicide layer 18. Next,
ogeneral processes are performed

In the above, the metal-silicide layer 18 1s formed by
depositing a materlal such as tungsten silicide 1n thickness of
1500 A+150 A. The hard mask layer 19 functions to protect
the gate from processes such as an etch process, etc. that 1s
subsequently performed and 1s formed by sequentially
depositing a PE-TEOS {ilm, a PE-the nitride film and an
ARC nitride film. At this time, the PE-TEOS film 1s depos-
ited in thickness of 300 A+30 A the PE-the nitride film 1s
deposﬂed in thickness of 2000 A+200 A and the ARC nitride
f1lm 1s deposited 1n thickness of 1200 A£120 A.

The flash memory device explamned by reference to the
drawings was described by taking a stack gate flash
EEPROM of 0.18 um technology as an example. Therefore,
it should be noted that the numerical limit 1s set based on
0.18 um technology.

If the flash memory device 1s manufactured by the above
conventional method, there occur the following problems.

First, as, only the device 1solation film 12 portion 1n the
cell region 1n the first polysilicon layer 14 etched using the
first photoresist pattern as an etch mask 1s open, the ditfer-
ence 1n a topology 1s generated 1n this portion. Thus, a seam
100 1s generated in the metal-silicide layer 18 that waill
become the word line along with the second polysilicon
layer 17, as shown i FIG. 1d. The seam 100 1s further
expanded through a subsequent annealing process and the
resistance of the word line 1s thus significantly increased. An
increase 1n the resistance of the word line causes to reduce
the speed of the device. In general, an EDR target (Electrical
Design Rule Target) has a sheet resistance in the word line
of 7.6€2. On the contrary, the sheet resistance 1 the word
line where the seem 100 1s generated as above 1s over 45€2.

Second, after the dielectric film 15 such as the ONO

structure 1s formed, the dielectric film 15 and the first
polysilicon layer 14 in the peripheral circuit region are
removed by an etch process using the second photoresist
pattern and the second photoresist pattern 1s then removed.
At this time, when the second photoresist pattern 1s
removed, loss of about 5 A is generated on the surface of the
dielectric film 15 and the film quality of the dielectric film
15 1s transformed by plasma that 1s applied when the second
photoresist pattern 1s removed. Therefore, the quality of the
dielectric film 15 as an msulating material 1s degraded and
the capability to store information that 1s most 1important in
the flash memory device 1s resultantly degraded.

Third, when the gate oxide films 16a and 16b are formed
in the peripheral circuit region, a pre-cleaning process 1s
performed 1n order to 1improve the film quality of the gate
oxide films 16a and 16b. In this case, there 1s a problem that
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loss of the dielectric film 15 such as the ONO structure 1s
caused to degrade the film quality of the dielectric film 135.
Meanwhile, 1f the pre-cleaning process 1s not performed 1n
order to prevent degradation i1n the film quality of the
dielectric film 15, there 1s a problem that the film quality of
the gate oxide films 16a and 16b 1s degraded.

SUMMARY OF THE INVENTION

The present mvention 1s contrived to solve the above
problems and an object of the present invention 1s to provide
a method of manufacturing a flash memory device capable
of improving not only the resistance of a word line but also
the film quality of a dielectric film and a gate oxide film 1n
a peripheral circuit region.

In order to accomplish the above object, a method of
manufacturing a flash memory device according to the
present 1nvention, 1s characterized in that 1t comprises the
steps of forming a device 1solation film 1n a semiconductor
substrate 1 which a cell region and a peripheral circuit
region are defined; sequentially forming a tunnel oxide film
and a first polysilicon layer on the entire surface of the
semiconductor substrate; removing the first polysilicon layer
and the tunnel oxide film to expose the device 1solation film
in the cell region; forming a dielectric film on the entire
surface including the first polysilicon layer; forming an
amorphous silicon layer on the entire surface including the
dielectric film; etching the amorphous silicon layer to an
extent that the dielectric film 1s not exposed; removing the
amorphous silicon layer, the dielectric film and the first
polysilicon layer in the peripheral circuit region; forming a
cgate oxide film 1n the peripheral circuit region; forming a
second polysilicon layer on the entire structure including the
cgate oxide film; removing the second polysilicon layer 1n the
cell region to expose the amorphous silicon layer 1n the cell
region and the second polysilicon layer in the peripheral
circuit region; forming a top polysilicon layer on the entire
structure including the exposed amorphous silicon layer and
the second exposed polysilicon layer; and forming a metal-
silicide layer on the top polysilicon layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The atorementioned aspects and other features of the
present invention will be explained 1n the following
description, taken in conjunction with the accompanying
drawings, wherein:

FIG. 1A~FIG. 1D are cross-sectional views of a conven-
fional flash memory device for explaining a method of
manufacturing the device; and

FIG. 2A~FIG. 2F are cross-sectional views of a flash
memory device for explaining a method of manufacturing
the device according to one embodiment of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present imnvention will be described 1n detail by way
of a preferred embodiment with reference to accompanying
drawings, 1n which like reference numerals are used to
identily the same or similar parts.

FIG. 2A~FIG. 2F are cross-sectional views of a flash
memory device for explaining a method of manufacturing
the device according to one embodiment of the present
invention.

Referring now to FIG. 2A, a device 1solation film 22 1s
formed 1n a semiconductor substrate 21 1in which the cell
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region and the peripheral circuit region (including the high
voltage transistor region and the low voltage transistor
region) are defined. Then, a tunnel oxide film 23 and a first
polysilicon layer 24 are sequentially formed on the entire
surface of the semiconductor substrate 21 in which the
device 1solation film 22 1s formed. Next, the first polysilicon
layer 24 and the tunnel oxide film 23 are removed by an etch
process using a first photoresist pattern (not shown) through
which the device 1solation film 22 1n the cell region 1s
exposed and the first photoresist pattern 1s then removed.

In the above, the tunnel oxide film 23 1s formed in
thickness of 80 A+4 A and the first polysilicon layer 24 1s
formed in thickness of 600 A+60 A.

Referring now to FIG. 2B, a dielectric film 25 1s formed
on the enfire structure including the first patterned polysili-
con layer 24. An amorphous silicon layer 31 1s formed on the
entire structure including the dielectric film 235.

In the above, the dielectric film 25 has an ONO structure
in which a lower oxide film 1s deposited 1n thickness of 40

A+4 A, a nitride film is deposﬂed in thickness of 60 13x+6 A
and an upper oxide film 1s deposited 1n thickness of 40A+4
A. The amorphous silicon layer 31 1s thickly deposited 1n
thickness of 2000 A+1000 A using undoped silicon to
completely fill an open portion of the first polysilicon layer
24 at the device 1solation film 22 1n the cell region.

Referring now to FIG. 2C, the amorphous silicon layer 31
1s removed by an etch-back process to an extent that the
dielectric film 25 1s exposed. Next, the amorphous silicon
layer 31, the dielectric film 25 and the first polysilicon layer
24 1in the peripheral circuit region are removed by an etch
process using a second photoresist pattern (not shown) in
which the cell region 1s covered and the second photoresist
pattern 1s then removed.

In the above, the etch-back process 1s performed so that

the amorphous silicon layer 31 remains 1n thickness of about
700 A.

Referring now to FIG. 2D, a process of oxidizing a gate
in the high voltage transistor, a process of forming a third
photoresist pattern (not shown) through which the low
voltage transistor region 1s exposed, a wet etch process of
removing oxide, a process of removing the third photoresist
pattern and process of oxidizing the gate in the low voltage
transistor are sequentially implemented to form gate oxide
films 26a and 26b 1n the high voltage transistor region and
the low voltage transistor region, respectively. A second
polysilicon layer 27 1s formed on the enfire structure in

which an oxide film 32 and the gate oxide films 264 and 265

are formed.

In the above, the high voltage gate oxide film 26a is
formed in thickness of 125 A+6 A and the low voltage gate
oxide film 26b 1s formed 1n thickness of 55 A+3 A. The
second polysilicon layer 27 1s formed m thickness of 700
A+70 A wherein the second polysﬂlcon layer 27 1s formed
by first depositing doped polysilicon 1n thickness of about

600 A and then depositing undoped polysilicon 1n thickness
of about 100 A.

Referring now to FIG. 2E, the second polysilicon layer 27
and the oxide film 32 1n the cell region are removed by an
etch process using the fourth the photoresist pattern (not
shown) where the cell region 1s open and the fourth photo-
resist pattern 1s then removed. A top polysilicon layer 33 1s
formed on the entire structure from which the oxide film 32
1s removed.

In the above, the top polysilicon layer 33 1s formed 1n
thickness of 500 A+50 A, wherein doped polysilicon 1s first
deposited 1n thickness of about 400 A and undoped poly-
silicon 1s then deposited 1n thickness of about 100 A thereon.
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Referring now to FIG. 2F, a metal-silicide layer 28 1s
formed on the top polysilicon layer 33 and a hard mask layer
29 1s formed on the metal-silicide layer 28. Thereafter,
general processes are performed.

In the above, the metal-silicide layer 28 1s formed by
depositing a materlal such tungsten suicide in thickness of
1500 A+150 A. The hard mask layer 29 serves to protect the
gate from processes such as subsequent etch process and the

like. The hard mask layer 29 i1s formed by sequentially
depositing a PE-TEOS f{ilm, a PE-the nitride film and an

ARC nitride film. At this time, the PE-TEOS film 1s depos-
ited in thickness of 300 A+30 A the PE-the nitride film 1s
deposﬂed in thickness of 2000 A+200 A and the ARC nitride
film 1s deposited 1n thickness of 1200 A+120 A.

The tlash memory device explained by reference to the
drawings was described by taking a stack gate flash
EEPROM of 0.18 um technology as an example. Therefore,
it should be noted that the numerical limit 1s set based on
0.18 um technology.

In case that the flash memory device 1s manufactured by
the above method of the present invention, the above con-
ventional problems can be solved.

First, after the dielectric film 23 1s formed, the amorphous
silicon layer 31 1s formed. In case of using doped silicon,
there 1s a possibility that defects such poly not completely
removed may be generated 1n a subsequent gate etch process
since defects such as watermark are generated 1n a subse-
quent cleaning process. Therefore, 1n the present invention,
the amorphous silicon layer 31 1s formed using undoped
silicon. Also, as the amorphous silicon layer 31 1s formed
using undoped silicon, the probability that a pinhole will be
oenerated after a poly etch-back process can be reduced
since a poly grain size 1s small. As the amorphous silicon
layer 31 1s used, the difference 1n the topology 1n the first
polysilicon layer 24 can be obviated to prevent generation of
a secam. Therefore, an EDR target (Electrical Design Rule
Target) can obtain a word resistance the sheet resistance of

which 1s 7.6€2.

Second, 1n the present invention, the amorphous silicon
layer 31 1s etched back, which serves to reduce the step
coverage with a region from which the first polysilicon layer
24 m the cell region 1s removed and forms a smooth
topology to remove a seam after a subsequent metal-silicide
layer 28 1s deposited. At this time, the etch-back process is
performed to an extent that the dielectric film 25 1s not
exposed. If the etch-back process 1s performed beyond that
extent, the gate 1s experienced by a stress and a charge loss
1s thus caused from the dielectric film 235.

Third, as the cell region 1s covered with the amorphous
silicon layer 31 when the gate oxide films 26a and 26b are
formed 1n the peripheral circuit region, loss of the dielectric
film 25 such as the ONO structure can be prevented even
though a pre-cleaning process for improving the film quality
of the gate oxide films 264 and 265 1s performed. Therefore,
the film quality of the gate oxide films 26a and 26b as well
as the dielectric film 25 can be simultaneously improved.

Fourth, the top polysilicon layer 33 may be used as an
interconnection layer for connecting the gate in the cell
region and the gate in the peripheral circuit region.

Fifth, as the second polysilicon layer 27 and the top
polysilicon layer 33 are formed by deposition of doped
polysilicon and undoped polysilicon, generation of defects
such as a watermark can be prevented.

As mentioned above, the present 1nvention has outstand-
ing advantages that 1t can improve the film quality of a
dielectric

film and a gate oxide film 1n a peripheral circuit
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region as well as the resistance of a word line. Therefore, the
present invention can improve the speed and performance of
the device.

The present invention has been described with reference
to a particular embodiment 1n connection with a particular
application. Those having ordinary skill in the art and access
to the teachings of the present invention will recognize
additional modifications and applications within the scope
thereof.

It 1s therefore mtended by the appended claims to cover
any and all such applications, modifications, and embodi-
ments within the scope of the present mvention.

What 1s claimed 1s:

1. A method of manufacturing a flash memory device
method, comprising the steps of:

forming a device 1solation film 1n a semiconductor sub-
strate 1n which a cell region and a peripheral circuit
region are defined;

sequentially forming a tunnel oxide film and a first

polysilicon layer on the entire surface of said semicon-
ductor substrate;

removing said first polysilicon layer and said tunnel oxide
film to expose said device 1solation film 1n the cell
region;

forming a dielectric film on the entire surface including
said first polysilicon layer;

forming an amorphous silicon layer on the entire surface
including said dielectric film;

ctching said amorphous silicon layer to an extent that said
dielectric film 1s not exposed;

removing said amorphous silicon layer, said dielectric
film and said first polysilicon layer in the peripheral
circuit region;

forming a gate oxide film in the peripheral circuit region;

forming a second polysilicon layer on the entire structure
including said gate oxide film;

removing said second polysilicon layer 1n the cell region
to expose said amorphous silicon layer in the cell
region and said second polysilicon layer 1n the periph-
eral circuit region;

forming a top polysilicon layer on the entire structure
including the exposed amorphous silicon layer and said
second exposed polysilicon layer; and

forming a metal-silicide layer on said top polysilicon

layer.

2. The method of manufacturing a flash memory device
method as claimed 1n claim 1, wherein said first polysilicon
layer 1s formed 1n thickness of 600 A+60 A.

3. The method of manufacturing a flash memory device
method as claimed 1n claim 1, wherein said dielectric film
has an ONO structure in which a lower oxide film 1is
deposited 1n thickness of 40 13&4 A, a nitride film is
deposited 1n thickness of 60 A+6 A and an upper oxide film
1s deposited 1n thickness of 40 A+4 A

4. The method of manufacturing a flash memory device
method as claimed 1n claim 1, wherein said amorphous
silicon layer 1s formed using undoped silicon.

5. The method of manufacturing a flash memory device
method as claimed m claim 1, wherein said amorphous
silicon layer 1s formed in thlckness of 2000 A+1000 A.

6. The method of manufacturmg a flash memory device
method as claimed m claim 1, wherein said amorphous
silicon layer 1s etched to remain 1n thickness of about 700 A
by etch-back process.

7. The method of manufacturing a flash memory device
method as claimed in claim 1, wherein said second poly-
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silicon layer 1s formed 1n thickness of 700 A+70 A, wherein
doped polysilicon 1s first deposited in thickness ot about 600
A and undoped polysilicon 1s then deposited 1n thickness of

about 100 A thereon.
8. The method of manufacturing a flash memory device

method as claimed 1 claim 1, wheren said top polysilicon
layer 1s formed 1n thickness of 500 A+50 A, wherein doped

polysilicon 1s first deposited 1n thickness of about 400 A and

3

undoped polysilicon 1s then deposited 1n thickness ot about
100 A thereon.

9. The method of manufacturing a flash memory device
method as claimed 1n claim 1, wherein said metal-silicide
layer 1s formed by depositing a material such as tungsten

silicide in thickness of 1500 A+150 A.
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